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Description 

This invention relates to adhesive compositions that adhere strongly to any of the hard tissues of the 
living body, such as teeth and bones, metallic materials, organic polymers and ceramics, and whose 
5 adhesive strength has good water resistance. The term "adhesive compositions" as herein used not only 
means compositions used for bonding two or more adherends to one another, but also means 
compositions used for forming highly adhesive coatings on the surfaces of adherends such as metallic 
materials and organic polymers, and compositions used for forming highly adhesive fillings In the repair of 
hard tissues of the living body. In other words, the adhesive compositions to which this invention relates 
to comprehend all compositions that exhibit adhesion to and thus are applicable to various kinds of 
substances, such as the hard tissues of the living body, metallic materials, organic polymers and ceramics. 

Various kinds of metallic materials, organic polymers and ceramics are used for the restoration of 
teeth. When these restorative materials are mounted in the mouth. It is necessary to ensure the adhesion 
between the teeth and the metal, organic polymer or ceramic and also the adhesion of the restorative 
j$ materials to each other, for example, metal to metal, ceramics or organic polymer. In particular, since 
dentistry involves use in the mouth, the adhesion must be satisfactory under wet conditions. 

Numerous and varied attempts to use phosphate compounds in adhesive compositions have already 
been made in the dentistry field. 

11) U.S. Patents Nos. 4,259.075, 4,259.117 and 4,368.043 indicate that a polymerizable composition 
20 containing a vinyl compound having a group of the formula: 



26 



or C— O— P— C 
OH OH 



is effective as a dental adhesive. U.S. Patent No. 4,222,780 indicates that a polymerizable composition 
containing a vinyl compound having a group of the formula: 

30 

0 

II 

C-P-C 

I 

3S OH 

is an effective dental adhesive. Some of the compositions falling within the above patents have been 
widely used as primers for coating the cavity wall before a tooth cavity is filled. However, there were the 
problems that the cavity wall must be acid-etched beforehand in order to provide satisfactory adhesive 
40 strength to the tooth and that the adhesive strength to a Nl — Cr alloy commonly used in dentistry was not 
satisfactory. 

(2) Attempts to obtain adhesives having adhesion to teeth using polymerizable phosphate compounds 
have also been made, e.g. 

(i) U.S. Patent No. 3,882,600 describes phosphoryi monofluoride; 
4$ (il) Journal of Dental Research, vol. 53, p. 878-888 and vol. 56, p. 943-952. Chemical Abstract, vol. 77, 

p. 290 (66175 g) and Japanese Patent Application Laid-open No. 44152/1976 describe 

CH 2 =CH-PO(OH) 2 and CH 2 =CHC,H 4 CH 2 PO(OH) 2 ; 
(ii?} Japanese Laid-open Patent Application No. 113843/1978 shows compounds obtained by neutralizing 

one of the two hydroxy! groups in compounds of the formula: 

50 

0 

II 

R — 0 — P— OH 

I 

55 OH 

where R represents an organic residue having at least one vinyl group, specific examples of which include 
the following (where M represents an alkali metal): 



60 

CH 3 

CH 2 =CHC 6 fl 4 OPO(OH) (CM) , CH 2 =C- C OOCH 2 CH 2 OPO (OH) («) / 

6S 



2 
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0Of 3 

CH 2 -CHCH 2 OPO<OH) (OM) , CH 3 -CHCH 2 /o\oPO (OH) (OM) , 

5 

CH3 CH3 
CH 2 a C-COOCH 2 CH2CHCH 2 CH20COC-CH2 , 

6 

to ■ 

HO-P=0 
OM 

CH3 

13 3 



c „ 2 ,i-COOCH 2 CH 2 OCHjCHCH 2 OPO(OH) (OH) , 

OPO<OH) (OM) 

CH 3 

20 CH2 .C-COOCH 2 CHCH 2 OPO(OH) (OM) i 

I 

CH 2 «CCOO 

25 

(M J apane8 e P8«entP«blic8tionNo.4 g55 7/1982de S cr i be, m etha^ l ov.oxv e thano-1.1-<liphosphonlcac l d 
of the following formula: 
J0 OH 

H 2 C » C-COOC-CH3 

I OH 

35 0 »p' 

OH 

,„ a r cS ^^ , 53SSn • M above. high adhesive strength lespee.a.ly to 

m rsix^or:s:^TcSr^e ^ ^ .».*». » *«h a nd 

«, 8,a u , r'p 9 «5 e No 0l, Sw98 8 shows 4-methacryloxyethyl kWM as sn adhesive monomer. This 
* l™Z Z£ «n»oi maintain a strong bond between the tooth and a ™« 

polymer material for a prolonged time In the mouth, which is under wet conditions and moreover 

mi ff'pSJ ^"^nd'japanese Laid-open Patent Application No. 98878/1974 d.edose 
IS Ling both bydrophil.c and hydrophobic groups as an adhesive component, e.g. polymers 



40 



45 



50 



55 



50 



polymers neving uum uyw. ,, T ~.~ r ^ r . 

of methacryloxyethyl phosphate. Their adhesive strength seems adequate. 
(Hi) It is knownihat a polymer obtained by polymerizing a vinyl monomer on the ^^^^X^ 
ternary curing agent consisting of a peroxide, an amine and a sulphmn: 

saw xzstt^zsssns zssxsn rss s 
suae esse ssee^^ 

WloS«H4snB». 11920/1981 and 44638/1982. arc I Japanese Patent Mbrtton ^"JJ* 
4790/1980. However, none of the phosphate compounds descnbed in the above **^™ nW * ™ 
from problems associated with the retention of adhesive strength in the presence of ^» r - 

Japanese Patent Publication JP-A-5744838 discloses the produetton of an adhesive ream 
composition by forming a mixture of a polyolefln. a dibasic acid monoester of formula 



ss 



3 
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H, — CH=CHR,— CO— 0— CHR,— O— CO — R» — COOH 
and a phosphoric ester of Formula 
9 (Rt — CH=CHRj— CO — O— CHj — (CHRjJ n — CHfl« — 0-r\»P0(0H) a 

where m is 1 or 2. n Is 0 or 1, each of R„ R ? and R 9 is hydrogen or methyl, Rj is— OPO(OH) 2 , R 4 is hydrogen, 
chloromethyl or -— CH^O — CO — C(Rj)-CHR t , and R 5 is the residue of a dicarboxyfic acid. 

The present Invention provides an adhesive composition suitable for bonding two or more adherends 
fO to one another, or for forming adhesive coatings on the surfaces of adherends, or for forming adhesive 
fillings in the repair of hard tissues of the living body, comprising (a) 1 part by weight of a compound of the 
general formula: 



rS 



20 




H 0 

(a) .y-l-«-kj; 



OH 



I II 

e 



35 



o=p- oh 



P n I 

(iii) H 2 C=OC0X 2 -R d • -C-O-C-CH^ 
40 ! 



45 in which each of R 9 and R,' represents a hydrogen atom or a methyl radical, R 0 represents a bivalent 
organic residue of 2 — 54 carbon atoms, R d represents a bivalent organic residue of 4—57 carbon atoms, R d » 
represents a bivalent organic residue of 3—57 carbon atoms and X a represents 0, S or NR b where 
represents Hor^-4 alkyt, and (b) 0—199 parts by weight of a vinyl monomer copolymerf2able with the 
aforesaid compound. 

so Compositions of the present invention can be used for bonding a hard tissue of the living body with 
another such tissue or a material for restoring the tissue (for example, a metal, an organic polymer or a 
ceramic material), or for filling and restoring such a hard tissue (e.g. a tooth), for coating the inside of a 
cavity of a tooth before filling, for bonding and fixing a tooth and a dental restorative material (e.g. inlay, 
onlay, abutment tooth, bridge, post splint, orthodontic bracket or crown), for bonding dental restorative 

55 materials to each other (e.g. abutment tooth and crown), as a pit and fissure sealant for coating a tooth 
surface to prevent cartes, for bonding metals, organic polymers and ceramics, or as adhesives in coating 
agents or points to form a coating having excellent adhesion on the surface of a metal or a ceramic 
material. 

In addition, the invention provides, for use in applying to the wall of a tooth cavity before filling a dental 
so composite resin Into the tooth cavity, for use in coating the surface of a tooth for the prevention of dental 
caries, for use in filling a denial cavity, and for use in bonding a tooth to a dental restorative material or 
bonding dental restorative materials to one another, a dental adhesive composition suitable for bonding a 
tooth to a dental filling or for forming an adhesive coating on the surface of a tooth or for forming an 
adhesive filling in the repair of a tooth comprising la) 1 pert by weight of a compound of the general 
ss formula: 



4 
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s 



to 



15 



20 



25 



30 



35 



*2 




0 
II 

P — OH 
I 

OH 



J 



group, or a CN group, and may be the same as or different from R, and/or R a . 
R 4 represents a radical of formula: 

(COX t ) mi {CO)^ 3 (ZCOL, (ZU 4 R . 

r rt rr«nir rofiirfuft havina a valency of m + n, each of m„ rn a , m i and ^ 
r- e nUoT 2 9 3or a a £c"th«m,+ S?^TS * - X, 2p~.fr 0. S or NR. (where R, represents 
H or C.i alley!) and Z represents 0 or S: 

X, is as defined for X t and may be the same as or different from X„ 

m represents 1. 2. 3 or 4; 

n is 2. 3. 4, 5 or S, and 

andwtarVm is 2 or more, each of the R,s, R 4 s and R,s may be the .same or different and when more 
bv weioM of *e polymeriMble monomers ((a) + <b)l, and. optionally one or ' 

m ° n .n TaSn^veJomposhions of this invention, the above compound, which contains a [nMM 
Patent Application No. 823039*2.5 (EP-A— 0074708). 



J a 51^gZXl^»nl*inB OH. COOH. NH S or halogen as a subedtuent; and 
) a aroLo composed of 2 to 20 hydrocarbon groups of the type defined in (,) above «nn«tad to 'one 
.0 another byTntegeT of one or more of the ether, thioether. ester, thioestar. thiocerbonyl, am.de. carbonyl. 
sulphonyl r urethane f — NH — , 

0 



45 



SO 



— N — , 



0 
II 

I 

OH 



and/or 




type(s), 



including not only those groups in which the backbone of the organic groups '» "^21^ln*<rf 
h7droca?t^n groups but also those in which a part of the hydrocarbon groups constitute the side-cha.n of 

^ organic residues are illustrated by the folowing formulae, in which A represents a 

hydrocarbon group, and B represents a linkage selected from 



55 



11 

0 



60 



II 

0 



— N — , 



I 

O 



0 

II 



and 



-c_ _s_, -C0NH-, -OCONH-, -NH-, 

II II 
S 0 



0 

II 



OH 



55 



10 
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For the sake of simplicity, the double bond aide is represented by |C=C|, and the phosphoric or phosphonlc 
add side Is represented by (P0 3 H z J. 

fC=Cl - An 

^ CP0 3 H2) 

fOC) - A x - Bi - A 2 - B 2 - A 3 - IOC] 
[P0 3 H 2 ) fP0 3 H 2 ] 

tC=C) - Aj - B^ - A 2 - (PO3H2I 
A3 - [P0 3 H 2 ] 

^ fP0 3 H 2 l 
A 4 - [P0 3 H 2 ] 



fS 



25 



30 



(C=C3 V ^ |P0 3 H 2 ] 

X Ai-Bx-A 2 . 

[C*cK • 1 IPO3H2] 

A3 B 2 



*4 

A 4 

t 

35 &3 



40 



(C-C1 - Ax - 3 l - A 2 - B 2 - A 3 - fP0 3 H 2 ] 

1 

t 

A S - IPO3R2J 



The term "hydrocarbon group" In this Invention aiso covers a halogenated hydrocarbon group unless 
otherwise specified. 

as Specific examples of the adhesive monomers having two or more — P0(0H) 2 groups used in this 
invention are given below: 

CH3 CH 3 
so H 2 C=C-CaOCH2CHCH20CH 2 CH20CH 2 CHCH2OOC-C=CH 2 

OP03fl 2 OPO3H2 
CH 3 CH 3 

cooch 2 CHCH 2 o-a^) Vc/QVoch 2 chch 2 ooc 

60 OPO3H2 CH3 OP0 3 H 2 



65 
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K R 

COO-(CH 2 CHCH 2 0-^^-C-^^-0) 3 -CH 2 CHCH 2 OOC 
OP0 3 H 2 CH 3 0PO 3 H 2 

CH3 

H 2 «C^OOOl 2 CH 2 CX3C-^Qj-COOCH 2 CT^ 



OPO3H2 



CH 3 0=P-(OH) 2 



H 2 C-C-CONH(CH2)-i-COOC-CH3 (j - 3 - 20) 

3 I 

0*P-(0H} 2 

HOOC x 

C=C 

H' N COO-(CH 2 ) io-CH-CH 2 OP0 3 H2 

1 

OPO3H2 

H 2 C =C -COO -(O) "CH 2 C -COOCH 2 CHCH 2 -O -^QH^ - < CH 3 ) 2 

H 2 =OC0NH OP0 3 H 2 / 

CH3 

H H 

R 2 OC -COOCH 2 CHCH 2 OCH 2 CHCH 2 OCH 2 CHCH 2 OOC-C-CH 2 

• 1 1 

OP0 3 H 2 0PO 3 H 2 OP0 3 H 2 

CH 3 

H 2 C=C-CONH-(CH 2 )i-COOCH2CHCH 2 OP0 3 H 2 (1 « 2 - 20) 

OP0 3 H 2 

CN 

H 2 C-C-COO-(CH 2 ) 10 -CHCH 2 O po 3 H 2 

1 

0PO 3 H 2 

K 



H 2 C=C-{0)-CH f (0^?03H; 



PO3H2 



n 

H 2 CeC^OOC.{CH 2 ) 3 -^.p03fl 2 



P0 3 H 2 



7 
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CH 3 

CH 3 CH 2 OOC-C=CH 2 
H 2 C=C-COOCH 2 CH 2 -C-CH 2 OP0 3 H2 

CH 2 OP0 3 R 2 

O." 



@ 




H 2 C=C-CONH- (CH 2 ) H-COOCH2CHCH2OPO3H2 

OPO3H2 

H CH 2 OP03H 2 

H 2 C-C-COS-(CH 2 ) 10 -S-CH 

1 

CH 2 OP0 3 H 2 

H 2 C=C-CO N HhSVk^ ,2CH2P °3 R 2 

W n ch 2 ch 2 po 3 h 2 



CH 3 0 H 

H 2 C=C-COO- (CH 2 ) 6 -0-P- 0 jj( ^OP0 3 H 2 

° H H 

/ H *OP0 3 H2 
OP0 3 H 2 

CH 3 0 
H 2 C 3 C-C0OCH 2 CH 2 0P0-^^ 

0-CH 2 CHCH 2 OP0 3 H2 
OP0 3 H 2 

H 3 C H 

c=c 

H COOCH 2 CH 2 CH 2 CHCH 2 OP0 3 H 2 

1 

0PO 3 H 2 

H H 
» • 
OC 

H 2 C COOCH 2 CH 2 CH 2 CH 2 CHGH 2 0PO 3 H 2 

OP0 3 H 2 

oc 

S COOCH 2 CH 2 CH 2 CH 2 CHCH 2 OP0 3 H 2 

t 

0PO 3 H 2 

CH 3 CH 2 CHBrCHBrCH 2s 

CH3CH 2 N COOCH 2 CH 2CH 2 CH 2 CHCH 2 OP0 3 H 2 

OPO3H2 



3 
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aiz-icn 2 ) 20-°° c n * 

K N C00CH 2CH 2 CH 2 CH 2 CHCH 2OPO3R2 

1 

OPO3H2 

H x H 

v< 

CH 2 C100C^ N COOCH2CH 2 CH2CH 2 CHCH 2 OP03H2 

OPO3H2 

CHC1-(CH 2 ) 4 -CH3 
H 2 OC 

COOCH 2 CH 2 CH 2 CH 2 CHOi 2 OP0 3 H2 

CH3 

H2 C-C-COOCH 2 CH 2 ^ «3 ?°3 H 2 

CH-N-CH 2 CH 2 CHCH 2 CH 2 CH-P0 3 H 2 

H 2 C=C-COOCH 2 CH 2 '' I 

H 00C-^)-C00H 

CH 3 ^ C0OCH 3 



H 2 C=C-COOCH 2 CH 2 0^(J/<00CH2CH2OPO3H2 

l COOCH 2 CH2 op ^3H2 

CH3 

H2 C-C-COO.(CH2)6-C-CH2CH 2 CHCH 2 OP0 3 H 2 

S OPO3H2 



0 / H 

>-@-S-(^0-CH 2 C 



CH 3 

H 2 C«C-COO-(0) -? " ^O^ 0 " 01 2 C « CH 2 OP0 3 R 2 

OP0 3 H 2 



CH 3 0=P«(0H) 2 CH 3 O«P=(0H) 2 

H 2C-C-COO- (CH 2 ) i -CQOC -CH 3 , H 2 C=C-COS-{CH 2 ) j-COOC-CH 3 

I \ 
0»P-(0H) 2 OP-(OH) 2 



(j * 3- 20] 



CH 3 ^2 



H 2 C»C-CONHCH 2 -^O/-CH 2 NHCH 2 CHCH20P03H 2 

OP0 3 H 2 



CI 

H 2 OC / ^ 

CH2-^0>ro 3 H 2 

^P0 3 H 2 



l 
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CH3 

H 2 C=C CH2CH2CH2CH3 
5 CONCH 2 CH H y COS-CH-CH2 

X CHCHCH 2 -H-CH2 CHCH 2 C ^ 
HjC-CH-C-Cr^CfT 0-CH=CH 2 

0 

to 

CH3 
H 2 C*C 

COOCH2 CH»CH 2 0 CH2CH2CH2CH3 

15 CH 2 CHCH 2 CH 2 CCH 2 CHCH 2 NP0 3 H 2 

/ » 
H 2 C=CHOOC OPO3FI2 



CHCH 2 CH 2 CH 2 CH 2 CHCH 2 S PO 3 H 2 
* OP0 3 K 2 



2S CH3 



H 2 C=*C C1 



COOC H 2 CH 2 OCH 2 CHCH 2 0-\OV°-CH 2 CH CH 2OPO3H 2 
30 OCH2CH2OPO3H2 OPO3H2 

CH3 CH3 
J5 H 2 C=C-COO-<CH 2 ) 20 -CH CHOPO 3 H2 

OPO3H2 

CH3 

^ H 2 C=C-COO-(CH2CH2CH2CH 2 0) j-OCCH2CHCH2OP0 3 H 2 

» 

OPO3H2 

(j » 1 - 14) 

45 



50 



CH 3 X 
CHj "C-COOCH jCHCH 200C ^-v. 

OP0 3 H 2 /6 kOJ 



if R„ 13 of only ane carbon atom in the compounds of the formula (i), or ff R d contains fewer than four 
carbon atoms in the compounds of formula (II), or if R tf contains only one or two carbon atoms in the 
compounds of formula (lit), the adhesive strength to teeth and metal and like materials and its water 

55 resistance are extremely poor as compared with the compounds used in this invention. In general, there is 
a tendency for the adhesive strength to become higher with the increase in number of the carbon atoms in 
these residues. However, when the number of the carbon atoms Increases and exceeds 50 r the adhesive 
strength begins to decrease. Therefore, it fs necessary that the upper limit for the carbon atoms in R a be not 
greater than 54 and In R d and R# be not greater than 57. 

50 In the adhesive composition of this invention (which is hereinafter sometimes referred to as the 
"adhesive composition"), the compound of the formula (1) is used in combination with a vinyl monomer 
copolymeruable with said compound. By the selection of the capolymerizable vinyl monomer, the 
viscosity, wettability, curability, mechanical properties etc. of the adhesive may be controlled. While the 
vinyl monomer is eppropriately selected according to the Intended purpose and use, it is general to use a 

55 (meth)acrylate type monomer, a styrene type monomer or vinyl acetate. In addition to the above. 



10 
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is 



acrylamldes such as (rneth)acrylamlde. N-n«butoxymeihyl(meth}acrYlamide, N-fhydroxymethyl)- 
acrylamfde etc. (meth)acrylic acid, iacbutyl vinyl other, diethyl fumarate, diethyl maleate, matefc 
anhydride, methyl vinyl ketone, ally! chloride, vinylnaphthalene, vinylpyridine etc. are also used. Examples 
of the above-described styrene type monomer include compounds of the formula: 



60 



CH^CH-r^o) or CH 2 =CH-(o^ 



f0 wherein Q is halogen or a hydrocarbon group of 1—6 carbon atoms, e.g., dlvfnylbenzene, p-chlorostyrene 
etc. As the (meth)acrylate type monomer, compounds generally often used in anaerobic adhesives, dental 
adhesives etc. may also be favorably used in this invention. As the (meth)acrylate type monomer, 



a (meth)acrylate type monomer of the formula: 



(CH 2 -C— COO)r-U 



wherein R, represents H or CH„ U represents an organic group of 1—50 carbon atoms, and t represents'an 
integer of 1—4 (for the definition of the organic group, refer to the description hereinabove) is used. 
20 Examples of such a monomer Include the following: 

(i) Monofunctfonal {methjacrylates: 

Methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl {meth) aery late, isobutyl (meth)acrylate, n-hexyl 
(meth )acryf ate, 2-ethylhexyl (methlacrylate, benzyl I meth )acry late, dacyl {meth )acry late, lauryl {meth)- 
25 acrylate, stearyl { methlacrylate, 2-hydroxyethyl (meth)acryiate {sometimes referred to as HEMA), 2- 
hydroxypropyl (meth)acrylate. dimethylaminoethyl I math faery I ate, diethylaminoethyl (meth) acrylate, 3- 
chlaro-2-hydroxypropyl methacylate, 2,3-dibromopropyl (meth)acrylate etc. 

(ii) Difunctionai (meth)acrylates: 

30 a) Those wherein U is — CH 2 CH 2 (OCH 2 CH 2 ),— or 

— CH 2 CH(0CH 2 CH>,— 

i I 
CH 3 CH 3 

as 

wherein s is an integer of 0 — 15: 

Ethylene glycol di(meth)acrylate f diethylene glycol di(meth)acrylate, triethylene glycol dl{meth)- 
acrylate, tetraethylene glycol dl{meth)acrylate, polyethylene glycol di{meth)acrylate, propylene glycol 
dt (meth) acrylate, dipropylene glycol di(meth)acrylate, tripropylene glycol dl(meth) acrylate etc. 
40 b) Those wherein U is alkylene (generally of 3 — 12 carbon atoms): 

Propanediol di(meth)acrylate, glycerin di(meth)acTylate, 1,3-butanediol di( methlacrylate, 1,4- 
butanedlol dl (meth) acrylate, 1,5-pentanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, neopentyl- 
glycol difmethlacrylate, 1,10-decanedlol dt(methfacryiate, 2,3-dibromoneopentyf glycol dimethacrylate etc. 

c) Those wherein U has a residue of a bisphenol A derivative: 
46 Bisphenol A di(meth)acrylate, 2.2-bis(lmeth)acrylayloxypolyethoxyphenyl]propane r i,e. 

CH3 - 

CH 2 »C-COO (CH 2 CH 2 0 ) t'\0) -O \0/ {0CH 2 CH 2 ) t-°-° C " C, " CH 2 

CH3 

wherein t is an integer of 1—9, 2,2' -bi3{4-acryloyioxypropoxYphenyl)pro pane, 2,2-bis(4-(3-methacrylOYi- 
oxy-2-hydroxypropoxy)phenyl]propane (sometimes referred to as Bis-GMA) etc. Among tha above, those 
ss wherein U is of 15—30 carbon atoms are favorably employed, 
d) Those wherein U is 

OH OH 



1 



— CH 2 CHCH 2 0(CH 2 CH : ) u OCH 2 CHCH. 



wherein u is 1 or 2: 

1,2-ais|3-(meth)]acryloyloxy-2-hydroxypropoxyIethane, 1.4-bis[3-(meth)acryloyloxY-2-hydroxypro- 
poxy) butane ate. 

e) Urethane di(meth)acrylates wherein U is JOCONHTNHC0OJ wherein J is alkylene (generally of 
6S 2—10 carbon atoms), and T is an organic diisocyanate residue of 1—50 carbon atoms: 



11 
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For example, those-described in Japanese Patent Application Laid-open No. 687/1976 are employed, 

(iii) Tri- and tetrafu notion al methacryiates: 

Trimethylolpropane tri(meth)acrylate. trfmethylolethane tri(meth) aery late, tetramethylmethane 

5 tri(meth)acrylate. tetramethyloimethane tetra(meth)acrylate, N,NM2,2,4-trimethyihexamethylene) bis{2- 
(aminocartooxy)propane-1,3-dloll tetra methacrylate etc. 

These copolymerizable monomers are used either singly or in a combination of several thereof. Of 
these monomers, that preferred for use in dental adhesives is a methacrylate, and it is desired that it 
constitutes 50% by weight or more of the compolymerisable monomer. Preferred examples of the 

10 methacrylate include methyl methacrylate, ethyl methscrylate, HEMA, n-hexyl methacrylate, benzyl 
methacrylate, lauryl methacrylate, 8is-GMA, bisphenol A dl methacrylate, 2,2«bis((meth)acryloyloxypoly- 
ethoxyphenyllpropane, ethylene glycol dimethacrylate, diethylene glycol dimethecrylate, triethylene glycol 
dimethacrylate, 1,6-hexanediol dimethacrylate, 1,10-decanediol dimethacrylate, neopentyl glycol 
dimethacrylate, trimethylol ethane trimethacrylate etc. 

ie In the adhesive composition of this invention, it is necessary to use the compound of the formula (I) in 
an amount of 0.5% by weight or more, that is, to use 0—199 parts by weight of the aforesaid 
copolymerizable monomer per part by weight of the compound of the formula {I}. With the amount of less 
than 0.5% by weight, the adhesive strength is inadequate. It is more preferred to use the compound of the 
formula (I) in an amount of 1 .5% by weight or more. 

20 The adhesive composition of this invention is applied to a surface to be bonded, and polymerized and 
cured either by physical means such as heating, or irradiation with X-rays or ultraviolet light or visible light, 
or by chemical means, e.g. using a polymerization initiator, to exhibit a bonding function. Although a 
certain type of the compounds (I) of this invention, that is, that wherein R 3 is CN can provide a composition 
curable without using a curing agent, it fs general to effect curing by irradiating with light in the presence of 

25 a photosensrtizer or adding a polymerization initiator. In this invention, the term "curing agent" is used to 
include both polymerization initiator and photosensitizer. Examples of the usable curing agent are varied, 
for example, organic peroxides, azo compounds, organic metal compounds, redox type initiators, photo- 
sensitizes, for ultraviolet or visible light etc. Specific examples thereof include benzoyl peroxide, di-t-butyl 
peroxide, cumene hydroperoxide, t-butyl hydroperoxide, methyl ethyl ketone peroxide, azobtsiso- 

30 butyronitrile, tri butyl bo rane, organic suiflnic acids or salts thereof, hydrogen peroxide/Fe 2 * sart systems, 
cumene hvdraperoxide/Fe*' salt systems, benzoyl peroxlde/N,N-dlalkylanilIne derivative systems, 
ascorbic acid/Cu 2+ salt systems, organic sulfinic acid (or salt thereofl/smine (or salt thereof)/peroxide 
systems, a-diketone/allylthiourea systems (visible light type), benzoin methyl ether, benzoin ethyl ether, 
benzil, diacetyl, diphenyl disulfide, di-p-naphthyl sulfide etc. Of the above, those preferred for use in dental 

35 adhesive compositions are benzoyl peroxide, azobisisobutyronitrile, tributylborane, organic sulfinic acids 
or salts thereof, and aromatic sulflne acid (or sart thereof)/diacyi peroxide/aromatic secondary or tertiary 
amine (or salt thereof) systems. Examples of the aromatic sulfinic acids include benzenesulfinic acid, p- 
toluenesuiflnic acid, (J-naphthalenesulflnlc acid, styrenesulflnlc acid etc. The cation for forming a salt with 
said suiflnic acid can be, for example, an alkali metal ion, an alkaline earth metal ion, an ammonium ion 

4a etc., of which the alkali metal ion and the alkaline earth metal ion are superior in terms of storage stability 
and adhesive strength. Examples thereof inciude Li*, Na + , K\ Mg 2 \ Ca 2 \ Sr 2 * etc. Preferred specific 
examples of the aromatic amines include N,N-dimethyfsniline, N,N-dimethyl-p-toluidine. N.N-diethanol- 
anillne, N,N-dlethanol-p-toluidine, N-methylaniifne, N-methyl-p-toluidine etc. These amines may also form 
salts with hydrochloric acid, acetic add, phosphoric acid etc. Examples of the diacyi peroxides include 

45 benzoyl peroxide, m-toluoyl peroxide. 2,4-dichlorobenzoyl peroxide, octanoyl peroxide, lauroyl peroxide, 
succinic acid peroxide etc., of which benzoyl peroxide and m-toluoyl peroxide are particularly preferred. 
The curing agent is employed in an amount of 0.01—20 parts by weight per 100 parts by weight of the 
polymerizable monomer employed, especially preferably in the range of 0.1 — 15 parts by weight. 

It is sometimes desired to add a volatile organic solvent having a boiling point of 1 50°C or below at 760 

50 Torr to the adhesive composition of this invention. Such an embodiment is preferred in the case where the 
adhesive composition of this invention is employed as a primer used in filling a dental filling material in a 
tooth cavity. The volatile organic solvent thus applied is evaporated by blowing air or nitrogen, thereby a 
coating of the vinyl compound is formed on the adherend surface. Examples of the organic solvent suitable 
for such a using method include methanol, ethanol, acetone, methyl ethyl ketone, methyl acetate, ethyl 

55 acetate, dichloromethene, chloroform, diethyl ether, diisopropyl ether, toluene etc. The proportion of such 
a volatile solvent to the total polymerizable monomers is 300 times (by weight} or less, preferably 100 times 
or less. A large dilution exceeding 300 times exhibits a great reduction in the adhesive strength probably 
because the coating of the polymerizable monomer formed on the adherend surface is too thin. 

The adhesive composition of this invention may sometimes contain a conventionally known filler of an 

so inorganic or organic polymer or an inorganic-organic composite type. 0y adding the filler, the adhesive 
composition of this invention may be used as a dental cement for adhesion and filling, a dental composite 
resin and a bone cement. The amount of the filler added is up to 1000 parts by weight, preferably 20—500 
parts by weight, per 100 parts by weight of the polymerizable monomer. By the addition of the filler, the 
rheological properties of the adhesive composition on use and the mechanical properties, adhesive 

65 strength and water resistance of the cured composition are improved. Examples of the inorganic filler used 
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•„ .hi. inw-ntion include natural minerals such as quartz, felstone. pottery stone, wallastonite, mica, day, 
L JhI ZXl ce'am cs such as silica, alumina, silicon nitride, boron carbide, boron nitride glass, 
^dTSasf barium "ass, strontium glass and borosfllcate glass, gbss-ceram.es conta.nmg 
ri;' ha „um ! c %nd wawr-msoluble salts such as barium sulfate, calcium carbonate etc. The Inorganic 
lanthanum etc. a ^^^°^ a silane eouplin g 3g9m . such asy-methacryloyloxypropyltr.methoxv- 
S "'I %Z^^o™^^tetox&\»£. viny rtrichlorcailane, vlnyltristf-methcxyethoxyls.lana, 

W m ° n ^r't ha adhesive composition of this invention is used for dental, orthopedic or other medical 

S«nri ?nd I W the volatile organic solvent plus the reducing agent (or oxidant), two-part packages of a) the 
XTLmoiund oius the oxfdant (or reducing agent) and (b) the filler plus the reducing agent or oxidant^ 

ESSXESS** of this invention the sulfinlc add and the amine are therein H> ant a d 
peroxide is the oxidant. In this case, it is also possible to choose a three-part pacxage 

48 nJXXSST^^M against light. Where an initiator .whicf 

Tort time once it is brought into contact with a vinyl Jacked aS 

pack the vinyl compound and the polymerization initiator separately. The tnus separately pa 

50 -TTS^n^ S thistTenX adheres excel.ent.y to any of the foliowing materials, and 
maintains high adhesive strength for a long time even under wet conditions: 

cobit! »ter r a'nd t.n. or s ainless steel, brass .r other .Hoys ^^^^SiSS 
5a containing 50—90% of gold or platinum. which have hitherto been difficult to oona wren y 

adhesive; ... , , . 

(3) ceramics, such as glass, procelaln. srtica and a um, ^ a: . an ^ hacrvlat _ D0 , vestQrS( polyamldes, 

(4) organic polymer materials, such as polymery! methacrylate r polyesters, poi Y 

polyurethenes, polycarbonates, polysurfones, polystyrene etc. - because a f. rts 

60 ""The adhesive composition of this Invention W *™* ™ 
excellent adhesion to various materials as described above. Preferred examples or app 

given below: 

01 D SE^* for coating a tooth cavity on filling and restoring said cavity with a composite 
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resin generally comprising a polymerizable monomer, a filler and a polymerization initiator: !n general, this 
is supplied to demists as a total system in which said composite resin and this adhesive composition are 
combined. 

A composite resin for filling a tooth cavity: In this case, a filler is incorporated in the adhesive 
3 composition of this invention, and the obtained composition is used as a filling material and at the same 

time has adhesion to teeth. 

An adhesive composition for bonding an inlay, onlay, crown or the like to a tooth, or maintaining a 
bridge, post, splint, orthodontic bracket or the like to a tooth, or bonding a crown to an abutment tooth. 

Pit and fissure sealant. 

to When used in the respective applications, the specific comoositton for the adhesive composition is 
chosen with reference to the description hereinabove. For example, in a case of the adhesive composition 
for coating a tooth cavity before filling the composite resin, it may contain 1.5—100% by weight of the 
aforesaid adhesive vinyl compound in the adhesive composition, diluted with another polymerizable 
monomer (e.g. 8is-GMA, HE MA, aliphatic dlmethacrylate) or an organic soivent (e.g. ethanol) and further it 

is may contain room-temperature-curing agent, in accordance with the recipe shown in U.S. Patent No, 
4,259,075 or 4,259,117. Where the adhesive composition is used as the composite resin, It Is preferred to 
use that obtained by adding 1.5—50% by weight (based on the total polymerizable monomers) of the 
aforesaid adhesive vinyl monomer to the conventional filling material consisting of 20 — 10% by weight of a 
polymerizable monomer such as Bis-GMA etc. and 80—20% by weight of a filler. By applying the thus 

20 obtained adhesive composition to a tooth in the conventional manner, the cured composite resin strongly 
adheres to the tooth, and thus the need for any mechanical retention such as an undercut has been 
eliminated. (While it is desired to apply the adhesive composition of this invention after acid etching the 
tooth cavity surface for better adhesive strength, the adhesive composition of this invention can provide 
practically satisfactory adhesive strength even without such acid etching as compared with the 

zs compositions disclosed in U.S. Patents Nos. 4,259,075 and 4,259,1 17, and this is advantageous since there 
is the risk that acfd etching exerts an Injurious effect on the pulp]. When an inlay, onlay, crown or the like is 
to be bonded to a tooth cavity or abutment tooth, it is preferred to use that having a composition of, for 
example, 1.5—50 parts by weight of an adhesive vinyl monomer, 98.5—50 parts by weight of a 
copolymerizable monomer and 50—500 parts by weight of a filler. By coating a slight excess of such an 

30 adhesive composition on the adherend surface and bringing them into intimate contact, it is now possible 
to bond them to the tooth. Further, it (s now possible to prevent caries by forming a film strongly adhered to 
the tooth surface by coating a solution containing polvmerfzable monomers, including an adhesive vinyl 
monomer, and a polymerization curing agent on the tooth surface and curing it 

35 (ii) Orthopedic Applications: 

The adhesive composition of this invention may be employed as a bone cement for bonding and fixing 
a ceramic or metal artificial joint or splint to the bone. One preferred example of the composition for the 
adhesive composition in this case is 90—98.5 parts by weight of methyl methacrvlate, 10—1.5 parts by 
weight of an adhesive vinyl monomer and 50—150 parts by weight of polymethyl methacrvlate. 

40 

CiIO General industrial and domestic applications: 

Since the adhesive composition of this invention has excellent adhesion to metal materials, ceramics 
and organic polymer materials, it is useful as adhesives for transport machines, electric appliances, 
building materials, cans and ceramics, as well as for domestic use. Further, it may be used as a paint, a 

45 primer for a paint, or a coating agent When used in such applications, the adhesive composition of this 
invention has a surprising feature that it can adhere to the adherend surface even not only when it is 
contaminated with an oil but also with water. Moreover, the adhesive strength is markedly higher than that 
of any conventional polymerization curing type adhesive, such as cyanoacrylates, apoxy resins, SGA 
(second generation acrylic adhesives) etc. 

SO Having generally described the invention, a more complete understanding can be obtained by 
reference to certain specific examples, which are intended for purpose of illustration only and are not 
intended to be limiting. 

(Examples of the Production of Adhesive Monomers Used in the Invention! 

55 

Production Example 1 

36 g of phosphorus oxychloride was dissolved in 100 ml of tetrahydrofuran (THF), placed In a Miter 
flask and cooled to -50*C. 50 g of SIs-GMA and 22 g of trtethylamine were dissolved in THF and added 
dropwise thereto while maintaining tha internal temperature of the flask not higher than -40°C. After the 
to addition, the internal temperature was allowed to rise to 0*C, 11 g of water and 49 g of triethylamine 
dissolved in THF wera added dropwise thereto. The reaction mixture was stirred under ice-cold condition 
for a half day, and the separated triethylamine salt was filtered off. 

A trace of MEHQ was added to the filtrate, and the solvent was evaporated under reduced pressure to 
obtain the following phosphate compound: 

55 
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CH3 CT 3 

C 
I 



COOCH 2 CHCH 2°-\0) -C-(0)-0-CH 2 CHCH 2 OOC 
OP0 3 H 2 CH3 OPO3H2 



(A) 



Elementary Analysis: 

C = 51.3%; H«5.1%; P =» 9.0%. 



Production Example 2 

0.3 Mole of methacryUc acid chloride and 0.3 mole of 1.2-aminododecanoic acid were reacted in a 
mixed solvent of dfoxane and water under Schotten Baumann reaction conditions to obtain IM- 
methacryloyl-12-arrilnododecanolc acid in a yield of 73%. 
16 Then 30 g of said compound was mixed with 30 g of glycidoi and 3 g of tri ethyl benzyl ammonium 
chloride. The mixture was heated to 80X to effect the reaction for 4 hours, to obtain the following 
compound: 



CH 3 

H 2 C=C-CONH-{CH 2 )n-COOCH 2 CHCH 2 OH IB) 

1 

\ 

OH 

25 The two hydroxy! groups of said compound (3) were converted to phosphate forms according to the 
procedures in Production Example 1 to obtain the following compound (C): 

CHj 

jo H 2 C=(l^ONH-^CH 2 )„--COOCH 2 CHCH 2 OPO a H 2 (Q 

I 

OP0 3 H 2 

Elementary Analysts: 
3S C-43.5%; H-6.9%; P = 11.9%; N = 2.1%. 

Production Example 3 

The N-memacryloyl-12-aminododecanoic acid synthesized in Production Example 2 was reacted with 
phosphorus pentachloride to synthesize N-methacryloyM2-amtnododecanoyl chloride. 

Then, 0.1 mol said add chloride was reacted with 0.1 mol of 1-hydroxyethane-1,1-diphosphonic acid in 
DMSO In the presence of 0.3 mol of triethyiamine to synthesize the following compound: 



CH 2 0=P— (OH), 
I 

^5 H 2 C=C— CONH-fCH^-COOO-CH, Wl 

1 

0-P-{OH) 2 

Elementary Analysis: 
so C-45.2%; H - 7.0%; N = 2.7%; P = 12.8%. 

[Examples of the Adhesive Composition of this Invention and Use thereofl 
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Example 1 

Using the compound (C) synthesized in Production Example 1, a two-pack type primer having the 
following composition was prepared: 

Formulation I 

Bis-GMA 50pts. bywt. 



60 



HEMA 

Compound (C) 
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65 Benzoyl osroxide 2 
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Formulation II 

Ethanol 100 pts. by wt. 

5 Sodium benzenes ulfinate 3 

N,N-Dimethyl-p-toluidine 0.7 

A human molar was imbedded in an epoxy resin In a cylindrical holder, the dental crown was cut off to 
ro expose the dentin, and this was used as a specimen for a bonding test. A stainless steel bar of 9 mm in 
diameter and 25 mm in length was prepared. The dentin surface and one end surface of the stainless steel 
bar were polished with #1000 abrasive paper, an adhesive backed tape having a hole of 5 mm in diameter 
was applied to the dentin surface to limit the surface area to be bonded, then equal amounts of Formulation 
I and Formulation II were mixed and coated thinly on both of the dentin surface and the end surface of the 
is stainless steel bar. Immediately thereafter, air wes blown onto the coated surfaces to evaporate the 
ethanol. A commercial dental composite resin (tradename: "Clearffl-P") was kneaded, the obtained paste 
was mounted on the end surface of the stainless steel stick, and this was pressed against the dentin surface 
to effect bonding. The specimens were Immersed in water at 37°C thirty minutes after completion of the 
bonding operation. On the following* day, measurement of tensile bond strength was made. Adhesive 
20 failure occured at the interface between the dentin and the composite resin, and the adhesive strength was 
78 kg/cm*. 

Comparative Example 1 

A test on the bonding to the dentin of human teeth was conducted In the same manner as in Example 1 
25 except that the compound (C) was reolaced by a known phosphate compound, that is, 2-methacryloyloxy- 
ethyl dihydrogenphosphate to find that its adhesive strength was 13 kg/cm 2 . 



Example 2 

so As adherends, round bars {7 mm in diameter and 25 mm in length) made of iron, aluminum, copper, 
nickel porcelain, o-alumina, glass, polymethyl methacrylate and polycarbonate were prepared 
respectively One end surface of each of these round bars was polished with #1000 abrasive paper to 
provide each adherend surface. A 5% ethanolic solution of the compound (D) synthesized in Production 
Example 3 was thinly coated an each adherend surface, and the ethanol was evaporated using an air 

35 syringe. Then, equal amounts of the following formulations for preparing a powder-liquid type adhesive 
composition were mixed, immediately coated on each adherend surface, and the bar of the same kind were 
bonded together end to end. 

40 Formulation III 

Methyl methacrylate 100 pts. by wt. 

Benzoyl peroxide 1 

46 

Formulation IV 

Polymethyl methacrylate powder 100 pts, fay m 

Sodium benzenesulfinate powder 3 

N,N-Diethanol-p-toluidine 1 

58 An hour after the bonding, the bonding test specimens were dipped in water and stored at room 
temperature for 10 days, after which each adhesive strength under tension was measured, to obtain the 
following results: iron: 460 kg/cm 2 , aluminum: 408 kg/cm 2 , copper: 271 kg/cm 2 , nickel: 418 kg/cm 2 , 
porcelain: 225 kg/cm 1 , a-alumina: 165 kg/cm', glass: 108 kg/cm 2 , polymethyl methacrylate: 198 kg/cm 2 , and 
polycarbonate: 142 kg/cm 2 . 



50 
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Comparative Example 2 

The bonding test same as in Example 1 was conducted except that the compound (D) was replaced by 
l-methacryloyloxyethane-IJ-dlphosphonic acid, to find that the adhesive strength of any of the Iron, 
aluminum, copper, nickel, porcelain, a-alumina and glass was not higher than 50 kg/cm J . 
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Example 3 

Using the compound (A) synthesized in Production Example 1, a powder-liquid type adhesive 
composition having the following composition was prepared: 

Formulation V 

Bis-GMA & Pta- by wt 

2-H6MA 30 

Neopentyl glycol dimethacrylate 20 

Compound {A) 1° 
Benzoyl peroxide 2 

MEHQ trace 



Formulation VI 

20 

Silane-treated quarts powder 100 pts. by wt. 

Sodium benzenesulfinate powder 0.3 

25 N,N-Diethanol-p-toluidine 0.4 

The crown part of a bovine anterior tooth was imbedded in an epoxy resin in a cylindrical holder to 
prepare a bonding test specimen. At that time, the specimen was fixad in the holder with its labial enamel 
surface exposed in order to enable the bonding to 9aid surface. The labial enamel surface was polished 

30 with #1000 abrasive paper, and then acid etched with a 40% orthophosphoric acid aqueous solution for 
one minute. The acid was washed away with water, and the etched tooth surface was dried by an air 
syringe, to prepare an adherend surface. Separately, a stainless steel round bar of 7 mm in diameter and 25 
mm in length, one end surface of which had been polished with #1000 abrasive paper, was prepared. 0.1 g 
xjf Formulation V and 0.3 g of Formulation VI were mixed intimately to prepare a paste adhesive 

35 composition, this was coated on said end surface of the stainless steel round bar, and this surface was 
pressed against the etched tooth surface to effect bonding. 

An hour after the bonding, the specimen was dipped in water at 37 e C» and on the following day, the 
adhesive strength under tension waa measured. Breakage occurred at the interface between the enamel 
and the adhesive composition, and the strength was 171 kg/cm 2 . 

40 

Example 4 

A cylindrical cavity of 4 mm in diameter and 4 mm in deoth was formed on the lingual side of a human 
molar using a diamond bur. and the inside of the cavity was dried using an air syringe. Thereafter, an equal- 
amount mixed solution of Formulation I and Formulation II employed in Example 1 was coated on the 
45 entire surface of the cavity, the ethanol was evaporated by the air syringe, and a commercial dental 
composite resin (tradename: "Clearfil-F) was filled therein in the conventional manner. After stored in 
water at 37°C for a day, this tooth was dipped in dye solution baths at 4 8 C and 60°C, 100 times alternately, 
one minute in aach bath, then cut using a cutter, and examined whether the dye had penetrated into the 
bonded Interface between the tooth and the filled material. No penetration of the dye was observed. 

50 

Example 5 

A conical cavity of 6 mm in diameter and 4 mm In depth was formed on the occlusal surface of a human 
molar, and an inlay conforming to the size of this cavity was cast using a Type III gold alloy. Formulation V 
in which the compound {A) incorporated in Formulation V in Example 3 was replaced by the compound iV\ 
55 was prepared, kneaded with Formulation VI, and the obtained paste was coated on the conical surface of 
the inlay, which was then pressed into the cavity to effect bonding. 

Ten minutes after the bonding, this was dipped in water at 37°C, and on the following day, this was 
subjected to a thermal cycling test comprising dipping In water baths at4°C and 60°C alternately. The Inlay 
still adhered strongly to the tooth even after the thermal cycling test, and when it was tried to peel off by 
so using the edge of a knife, it was impossible. 

Example 6 

A plate-formed cast of a 1 mm in thickness and fitting to the lingual surface of a human anterior tooth 
was prepared using a Ni—Cr alloy <Ni: 76%, Cr: 12%. Mo: 3%, others: 9%). The surface of this cast to be in 
85 contact with the tooth was sand blasted with 33 u alumina abrasive grains. On the other hand, the ligual 
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surface of the human anterior tooth was etched with a 40% phosphoric acid aqueous solution for a minute. 

Formulation V in which the compound (A) Incorporated in Formulation V in Example 3 was replaced 
by the compound (D) was prepared, kneaded with Formulation VI, then coated on the cast surface and 
pressed against the lingual surface of the human anterior tooth to effect bonding. Ten minutes after the 
5 bonding, the tooth was dipped in water at ZTC, and the adhesive strength under tension was measured on 
the following day, to obtain a value of 160 kg/cm a . The adhesive failure occurred on the human tooth side. 

Example 7 

A pit and fissure sealant having the following composition was prepared and filled into a fissure of a 
to molar: 

Formulation VII 



15 



20 



€0 



Bts-GMA 


50 pts. by wt 


HEMA 


20 


Compound (D\ 


20 


Neopentyl glycol dlmethacryiate 


10 


8enzoyl peroxide 


1.5 



Formulation VIII 

25 

Bis-GMA 50 pts. by wt. 

HE MA 30 
30 Neopentyl glycol dimethacrylete 20 

Sodium benzenesulflnate 2 
N,N-Dlethanol-p-toluidine 1.5 

35 

The fissure of the human molar was cleaned using an explorer, washed with water, dried, and a sealant 
(an equal amount mixture of Formulations VII and Vlll} was filled Into the fissure without etching treatment. 
Ten minutes after the curing, this tooth was dipped in water at 37*0. After stored under the same conditions 
40 for a day, this sample was dipped in dye solution baths at 4'C and 60°C 100 times alternately, one minute In 
each bath, cut using a cutter, and examined whether the dye had penetrated into the bonded interface 
between the tooth and the filled material. No penetration of the dye W83 observed. 

Example 8 

45 A cylindrical cavity of 4 mm in diameter and 4 mm in depth was formed on the buccal surface of a 
human tooth using a diamond bur, then the cavity wall was acid etched with a 40% phosphoric acid 
aqueous solution for a minute, washed with water, and dried. Thereafter, a paste obtained by mixing 
Formulations VI and V for the powder — liquid type adhesive composition In Example 3 at a ratio by weight 
of 3:1 was filled into this cavity. Ten minutes after the curing, the sample was dipped in water at 37*C, and 

50 when the degree of the dye penetration into the bonded intersurface was examined according to the 
method in Example 4, the penetration was hardly observed. 

Claims 

55 1. An adhesive composition suitable for bonding two or more adherends to one another, orfor forming 
adhesive coatings on the surfaces of adherends, or for forming adhesive fillings in the repair of hard tissues 
of the living body, comprising (al 1 part by weight of s compound of the general formula: 



(i) \ 5 I 5 ' 

H 2 c>c-coocH 2 (3(m 2 o-a c -(K^ 2 rara 2 oor>c^CH 2 

o 
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B 0 



I 



H o C=C-C0X- - R, - C - 0 - P' _ 
2 2 d. j u^OH or 

H 0 



i 5 

fS (Ui) H 2 C=C-COX 2 -R d , -C-0-C-CH 3 



In which each of fl 5 and R s ' represents a hydrogen atom or a methyl radical, R 9 represents a bivalent 
organic residue of 2—54 carbon atoms, R„ represents a bivalent organic residue of 4— 67 carbon atoms, 
represents a bivalent organic residue of 3—57 carbon atoms and X 2 represents 0, S or NR b where R tt 
represents H or Ct- 4 alkyl f and (b) 0—199 parts by weight of a vinyl monomer copolymerizable with the 

25 aforesaid compound. 

2. A composition according to Claim 1 in which the compound [a) has the formula (i). 

3. A composition according to Claim 1 In which the compound (a) has the formula (H). 

4. A composition according to Claim 1 in which the compound (a> has the formula (lii). 

5. A composition as daimed in any one of the preceding claims that further contains 0.01—20 parts by 
30 weight of a curing agent per 100 parts by weight of the polymerizable monomers [(el + (b)]. 

6. A composition as claimed in Claim 5 in which the curing agent is a redox type polymerization 
initiator. 

7. A composition as claimed in Claim 5 in which the curing agent is a photosensitizer. 

8. A composition as claimed in any one of the preceding claims that further contains a volatile organic 
35 solvent having a boiling point of 150°C or below at 760 Torr<1013 Pa) in an amount not exceeding 300 times 

by weight that of the polymerizable monomers [(a) + (b)J. 

9. A composition as claimed In any one of the preceding claims that further contains 20—500 parts by 
weight of a filler per 100 parts by weight of the polymerizeble monomers 1(a) + (b)|. 

10. A composition as claimed in any one of the preceding claims in which the vinyl monomer (b) is of 
40 the (meth)acrylate or styrene type or is vinyl acetate. 

1 1. For use in applying to the well of a tooth cavity before filling a dental composite resin in the tooth 
cavity, a dental adhesive composition suitable for bonding a tooth to a dental filling or for forming an 
adhesive coating on the surface of a tooth or for forming an adhesive filling in the repair of a tooth 
comprising (a) 1 part by weight of a compound of the general formula: 




C = C 




O 
II 

I 

OH 



where 

each of Ri and R„ which are the same or different represents a hydrogen atom, a C„« hydrocarbon or 
haiogen-substltuted hydrocarbon group, a group of formula C0OR' where R' represents a C t .„ 
hydrocarbon or halogen-substituted hydrocarbon group or a halogen atom; .. . . 

R, represents a hydrogen or halogen atom, a C t _ 8 hydrocarbon or halogen-substituted hydrocarbon 
group, or a CN residue, and may be the same as or different from R t and;or R,; 

R 4 represents a radical of formula: 



IC0X a L, (CO)^ (ZCOU, (Z) m4 R, 



where 

R, represents a C«. w organic residue having a valency of m + n, each of m u m z , m 3 and m 4 represents 
0, 1, 2. 3 or 4 such that m, + m 2 + m, + Sm, X a represents O, S or NR b {where R\, represents H or C n _, 
eg alkyO and Z represents O or S; 
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X t is a defined for X, and may the same as or different from X 2 ; 
m represents 1, 2, 3 or 4; 
n is 2, 3, 4, 5 or 8, and 
kisOor 1; 

5 and when m is 2 or more, each of the R,s, R 2 s and R a s may be the same or different and when more 
than one X, ahd/or X, are present, each of them may be the same or different; and 

(b) 0 — 1 99 parts by weight of a vinyf monomer, 0.01—20 parts by weight of a curing agent per 100 parts 
by weight of the polymerize ble monomers [(a) +■ {b}], and, optionally, one or more of a redox 
polymerization initiator, a photosensitizes and a volatile organic solvent having a boiling point of 150°C or 

to below at 760 Torr 0013 Pa) in an amount not exceeding 300 times by weight that of the polymerrzable 
monomers [(a) + (b)J. 

12. For use in coating the surface of a tooth for dental canes prevention, a dental adhesive composition 
as defined In Claim 11. 

13. For use in filling into a tooth cavity, a dental adhesive composition as defined in Claim 11. 

is 14. For use in bonding between a tooth and a dental restorative material or between dental restorative 
materials to each other, a dental adhesive composition as defined in Claim 11. 
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Patentanspruche 

1. Klebstoffmasse, die zum Verbinden von zwei oder mehreren Klebeftache mrteinander oder zur 
Bildung von KlebeOberzOgen auf den Oberflachen von Klebeflachen oder zur Bildung von klebenden 
Fullungen bsi der Reparatur von harten Geweben des mensch lichen Korpers geeignet 1st aus 11) 1 
Gewlchtsteil einer Verbindung der aflgemeinen Formel 

I | 5 

(i) H 2 c^(^coxJcfl 2 pcH 2 o-a e -a^(^ra 2 ooc-c=CH 2 

30 0 0 
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35 
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fi 0 

I 1 

(ii) V - C - 0 - K 0H 

ft j i ^0H 

f 5 i 

^ I || 03 0d8r 

B 0 
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B- 0 0 T^OH 



so (iii) H 2 C=C-C0X 12 -R d « -C-O-C-C^ 



0=p-°a 

55 worin jeweils R 5 und fiy ein Wasserstoffatom oder ein Methyirest sind, R a einen bivafenten organischen 
Rest mit 2 bis 54 Kohlenstoffatomen bedeutet, R„ ein bivalenter organischer Rest mit 4 bis 57 
Kohlenstoffatomen 1st. R«. ein bivalenter organischer Rest mit 3 bis 57 Kohlenstoffatomen ist und X a O, S 
oder NR b bedeutet, wobei R b H oder <V 4 -Alkyl ist, und (b> 0 bis 199 Gewfchtsteilen eines Vinylmonomeren, 
das mit der vorstehend erwahnten Verbindung copolymerisierbar ist. 

eo 2. Masse nech Anspruch 1, dadurch gekennzeichnet, daS die Verbindung (a) der Formel (i) entspricht. 

3. Masse nach Anspruch 1, dadurch gekennzeichnet, daG die Verbindung (a) der Formel (ii) entspricht. 

4. Masse nach Anspruch 1, dadurch gekennzeichnet, daft die Verbindung (a) der Formel (iii) entspricht. 

5. Masse nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daft sie auRerdem 
0,01 bis 20 Gewichtsteile eines Hartungsmittels pro 100 Gewichtsteile der porymerisierbaren Monomeren 

55 [(a) + (b)) entha*lt. 
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6. Mass© nach Anspruch 5, dadurch gakennzeichnet, daS das Hfirtungsmittel ein Redoxtyp- 
Polymerisations-initiator ist. 

7. Masse nach Anspruch 5, dadurch gekennzeichnet, daS das HSrtungsmittal ein 
Photosensensibilisator ist 

8. Masse nach einem der vorhergehenden AnsprQche. dadurch gekennzeichnet, daS sle auflerdem ein 
fiGchtiges organfeches LSsungsmrttel mit einem Siedepunkt von 150*C oder darunter bei 760 Torr (1013 Pa) 
in einer Menge enthaJt, die nicrrt das 300-fache des Gewichts der polymerfsierbaren Monomeran [{a) > ib)\ 
Obersteigt 

9. Masse nach einem der vorhergehenden AnsprQche. dadurch gekennzeichnet, daft sie auGerdem 20 
bis 500 Gew.-Teile eines Fullstoffs pro 1 00 Gew.-Teile der polymerisierbaren Monomeren [(a) + (b)l enthalt. 

10. Masse nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet daG das 
Vlnylmanomera (b> dem (Meth}acrviat oder Styrol-Typ entspricht oder aus VTnyJacstate besteht. 

11. Varwendung einer Dentalklebemasse, die zum Verbinden eines Zahns mit einer Zahnfullung oder 
zur Bildung eines Klebstoffuberzugs auf der Oberflache eines Zahns oder zur Bildung einer KlebstoffOllung 
bei der Reparatur eines Zahns geeignet ist. aus (a) 1 Gew.-Teil einer Verbindung der allgemetnen Formel 




worin jeweils R, und R 2 , die gleich oder verschieden sind, fur ain Waaaerstoffatom, eine C,_ fl - 
KohJenwasserstoff- oder Halogen-substituierte Koblenwasserstoffgruppe, ein Gruppe der FormeJ COOR' 
stehen, wobei R' eine Ci_ TO -Kohlenwasserstoffgruppe oder eine Halogensubstituierte 
Kohienwassorstoffgruppe oder ein Halogenatom 1st, R, Wasserstoff oder ain Halogenatom, eine d. g - 
Kohienwasserstoff- oder Halogen-substituierte Kohlenwasserstoffgruppe oder einen CN-Rest bedeutet und 
die gleiche Bedeutung wie R t und/oder R, oder eine andare Bedeutung wie R, und/oder R 2 besitzen kann, R< 
ein Rest der Formal 



<COX 2 U, {CO>^ (ZCO) ma (ZL R, 



(st, worin 

R. einen C,. w -organischen Rest mit einer Wertigkeit von m + n bedeutet, wobei jeweils m 1f m 2 , m 3 und 
m 4 0 f T, 2, 3 oder 4 derart bedeuten, dad m, + m a + m 3 + m„ £m X 2 O, S Oder NR„ bedeuten, (wobei R* H 
oder C-4-Allcyi ist) und Z 0 oder S ist; 

X t der Definition von X» entspricht und die gleiche Bedeutung wie X a oder aine andere Bedeutung wie 
X, ha ben kann, 

m 1, 2, 3 oder 4 ist, 

n 2, 3, 4, 5 Oder 6 ist und 

k 0 oder 1 ist, und 

falls m 2 Oder mehr ist, jeder der Substituenten R„ R 2 und R 3 gleich oder verschieden sein kann, und 
wenn mehr ais einer der Substituenten Xi und/oder X 2 vorllegen f jeder von ihnen gleich oder verschieden 
sein kann, und 

(b) 0 bis 199 Gew.-Teilen eines Vinylmonomeren, 0,01 bis 20 Gew.-Teilen eines Hartungsmitteis pro 
100 Gew.-Teile der polymerisierbaren Monomeren ((a) + (b)l und gegebenenfalls einem oder mehreren der 
aus einam Redoxpolymerisationsinitiator, einem Photosensibilisator und einem flOchtigen organischan 
Lflsungsmittel mit einem Siedepunkt von 150°C oder darunter bei 760 Torr (1013 Pa) in einer Menge, dfe 
nicht das 300-fache des Gewichts der polymerisierbaren Monomeren ((a) + (b)l ubersteight, bestehenden 
Bestandteile. zur Aufbringung auf die Wand einer Zahnkavitat vor dem Einfullen eines 
Oentaikompositharzes in die Zahnkavita't. 

12. Varwendung einer Dentalklebemasse gemaS Anspruch 1 zum Beschichtan oder Oberflache eines 
Zahns fOr aine Verhinderung einer Zahnkaries. 

13. Varwendung einer Dentalklebemasse gemiB Anspruch 9 zum Einfullen in eine Zahnkavitat 

14. Varwendung einer Dentalklebemasse gemaft Anspruch 9 zum Varbinden eines Zahns mit einem 
Zahnreperatur-matertal oder zum Verbinden von Zahnrepareturmaterialien mlteinander. 
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Revendlcations 

1. Unc composition adhesive appropriee a I'union de deux ou plus de deux surfaces a collar antra alias, 
ou a la formation de revetements adhesifs sur das surfaces a coller, ou a la formation (^obturations 
adhesives dans la reparation de tfssus durs de ('organisms vivant, comprenant 
(a) 1 parti e en poids d r un compose de formula generate: 

( i ) H 2 C= C-C0X)Ca 2 raCH 2 0-R c -(X^ 2 £^CH 2 0OC-C=CH 2 

0 0 



10 



20 

(ii) 



25 



B 



V 


1 

- c - 

1 


0 . 




-h 


- c - 

1 


ir 0H 


ou 



E 



30 n p^ oh 

( ii i ) H 2 C=C-C0X 2 -a d ' -C-0-C-CH3 

35 



MJE 



40 ou chacun de R 5 et R 5 ' represente un atome d'hydrogene ou un radical methyle, R e represents un reste 
organique bivalent de 2 a 54 atomes de carbone, r\ represente un reste organique bivalent de 4 a 57 
atomes de canzone, R d ' represents un reste organique bivalent de 3 a 57 atomes de carbone et X 2 
represente 0, S ou NR» ou R 6 represente H ou un alcoyle en C,_ 4 et (b) 0 a 199 parties en poids d'un 
monomere vinytique copolymerisable avac le compose precite. 

45 2. Une composition selon la revendication 1 dans laquelle le compose (A) repond a la formule \\). 

3. Une composition selon la revendication 1 dans laquelle le compose (A| repond a la formule (ii). 

4. Une composition selon la revendication 1 dans laquelle le compose (A) repond a la formule (Hi). 

5. Une composition comma revendique dans Tune quelconque des revendlcations precedentes qu 
contient de plus 0,01 a 20 parties en poids d'un agent de durcissement pour 100 parties en poids des 

bo monomeres polymerlsables [(a) + (b)l 

6. Une composition comma revendique dans la revendication 5 dans laquelle I'agent de durcissement 
est un amorceur de polymerisation de type redox. 

7. Une composition comma revendique dans la revendication 5 dsns laquelle I'agent de durcissement 
est un photosen sibil isateur. 

55 9. Une composition comme revendique dans Tune quelconque des revendicatlosn precedentes qui 
contient de plus un solvent organique volatil ayant un point d'ebullitfon de 150°C ou morns a 760 torrs (1013 
Pa) en une quantite ne depassant pas 300 fois en poids celle des monomeres poiymerisables [(a) + (bH. 

9. Une composition comme revendlqud dans Tune quelconque des revendlcations precedentes qui 
contient de plus 20 a 500 parties en poids d'une charge pour 100 parties en poids des monomeres 

60 polymerlsables [(a) + (b)]. 

10. Une composition comme revendique dans Tune quelconque des revendicatlon3 precedentes dans 
taqueile le monomere vinylique (b) est de type (math lacryi ate ou styre xne ou est I'acettite de vlnyle. 

11. Pour I'emploi dans I'application a la paroi d'une cavite dentare avant I'obturation de la cavite 
dentaire avec une resine composite dentaire, une composition adhesive dentaire appropriee a I'union 

es d'une dent a une obturation dentaire ou a la formation d'un revetement adhesif sur la surface d'une dent ou 
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a la formation d'une obturation adhesive dans la reparation d'une dent component (a) 1 partie en poida 
cfun compose de formule generate: 




to ta! de fli et R„ qui sont semblables ou differents, represente un atome d'nydrogene, un groupe 
hydrtarone an C " , ouun groupe hydrocarbone halogenosubstitue, un groupe de formule COOR/*n. 
laquelle R' represents un groupe hydrocarbone en C,_» ou un groupe hydrocarbone halogeno-substitue 

° U "r/SS? ou un atome d'halogene. un groupe hydrocarbone en . C, < >oi i un - groupe 

ts hydrocarbone halogeno-substitue. ou un reste CN, et peut etre semblable ou different de R 1 et/ou R„ 
R, represente un radical de formule: 

(C0X 2 ) mi {COL. (ZCO)^ \Z) mi R. 
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R, represente un reste organlque en ayant une valence dem+ n,\ :hacun de m x m a , m, et m 4 
represente 0 r 1. 2. 3 ou 4 pour que rn, + m 2 + m, + m 4 3m, X, represente 0, S ou NR b (ou R b represente H 
ou un alcoyle en C-* ) et Z represente O ou S; 

X, est comme dafinl pour X 2 et peut etre semblable ou different de X 2 ; 
25 m represente 1, 2, 3 ou 4; 
n est 2, 3, 4, 5 ou 6, et 

tuorque meet 2 ou plus, !es R 1# R 2 et R 3 R. peuvent chacun etre semblables ou differentes, et. loreque 
plus d'un X, et/ou X a est presente, ils peuvent chacun etre semblables ou difforents; et 
30 <b) 0 a 199 parties en poids d'un monomers vinylioue, 0,01 a 20 prties en poids d un agent de 
durcissement pour 100 parties en poids des rnonomeres polymerlsabies [(a) + (b)J, at eventuellement un 
ou plusieurs d'un amorceur de polymerisation redox, un photosensibilisateur et un solvent organique 
volatil ayant un point d'ebullition de 1 SCTC ou moins a 760 torrs (1 013 Pal an une quantite ne depessant pas 
300 fois le poids dee rnonomeres polymerisables {(a) + (b)|. 

12. Pour I'emploi dans le revetement de la surface d'une dent pour la prevention des canes dentaires, 
une composition adhesive denaire comme defini dans la revendication 11. 

13. Pour remploi dans I'obturation d'une cavite dentaire. une composition adhesive denaire comme 

defini dans la revendication 11. j. m *»;^r*>« 

14 Pour I'emploi dans I'union d'une dent et d'une matiere restauratnce dentaire ou de matieres 
nwtauratrices dentaires entre cellea. une composition adhesive dentaire comme defini dans la 
revendication 11. 
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